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Abstract 
This study aims to analyse how the mosaic of habitats and the management measures of a marshy area in western France can 
influence the conservation value of a territory, based on the use of bird and arthropod assemblage indices. A multivariate analysis 
revealed that (1) marsh habitat heterogeneity that structures bird communities and (2) different management measures to control
water levels are the most relevant environment indicators explaining the distribution of the meadow bird species. The occurrence
of carabid (ground beetle) species and the distribution curve of the species abundance within the habitats proved the importance
of flooding duration and grazing intensity on their species richness. Both the proportion of rare species and the intensity of rarity 
in spider species assemblages were used to assess the conservation value of the different habitats of the marsh. This revealed the 
importance of reed beds. Consequently, the conservation of a high-quality hedge network and the use of pastoral management 
techniques favouring reed-beds, are suitable both for aquatic passerines and arthropod communities, are finally advised to 
increase community richness. 
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1. Introduction 
The marsh of “Châteauneuf d’Ille-et-Vilaine” suffered centuries of drying before being put back into water in 
1999 and belongs to the Mont Saint Michel bay eco-complex (as a part of the Ramsar site). The management of the 
marsh is provided by hunting associations in order to promote wintering birds (especially shorebirds and Anatids). 
The marsh is a complex of wet grasslands and meadows currently submitted to intensive grazing and spring cutting, 
and embedded in a hedgerow network. The marsh has been partially but regularly flooded for six years during 
winter and early spring; however it has been admitted by managers that these management modes are not strictly 
optimized in space and time. These methods may cause changes in the structure of other specific marsh animal 
communities and can consequently induce changes in the global conservation value of the marsh. Following a 
specific request of managers, we present here a method for an evaluation of both current management modes and the 
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conservation value of habitats using three different-scaled ecological indicators: birds (landscape), carabid beetles 
and spiders (micro-habitat). Variation in species responses to landscape structure and management practices are well 
established for these taxa [1,2]: the structure of passerine bird communities depends on the architecture of hedges 
[3,4,5] and the structural heterogeneity of the vegetation linked to different management modes [6]. Among 
arthropods, carabid beetles and spiders are known to strongly react to micro-climate conditions via changes in 
micro-habitat structure (vegetation height or edaphic conditions [8,9,10]). We assess the current management modes 
and their effect on the conservation value of the target taxa using three complementary approaches: i) by comparing 
the trends of bird spatial occupancy at the landscape level according to their protection status, ii) by using an index 
of conservation value based on the rarity patterns of spider assemblages of the different marsh biotope types and 
management modes and iii) by comparing the composition of carabid beetle assemblages in different zones 
pertaining to the same habitat types from the same reference area. In the context of ecological engineering this study 
aims at identifying and assessing the consequences of human actions on ecological systems based on the 
development of indicators characterizing the state of an ecological system. 
2. Sampling methods and data analyses 
The marsh investigated (48°33'39.79"N, 1°53'44.99"O) is an area of 230 hectares consisting of a complex of wet 
grasslands and meadows, reeds, fallow lands, including monospecific or diversified (deciduous) hedgerows and 
drain ditches surrounded by wet or mixed woods and cultures. 
Birds were sampled through a 150 m radius IPA point count [11,12] in a 37 station square grid (square size: 6.25 
ha). This method allows to assess the abundance, the density and the informative diversity of birds. Moreover the 
conservation status of each species was evaluated using European [13], national [14] and regional [15] databases. 
Each square was characterized by the composition and structural vegetation and management practices. A co-inertia 
analysis [16,17], using the matrices of the values of 20 environmental variables and the density of each passerine 
species (32 bird species present in more than 3% of the stations were retained for the purpose of this study) in 37 
stations, was used to describe the trends in bird spatial occupancy. This was meant to identify and analyse the most 
influential environmental factors and habitat requirements. Besides, bird data from the spring of 1999 allowed a 
comparison of the bird community composition between 1999 and 2008. 
Spiders of the ground and herbaceous layers were sampled between April and June 2008 by pitfall trapping (4 
traps per station), sweep-net and hand collecting in 5 marshy areas selected according to their vegetative cover and 
their management mode: grazed hygrophilous meadows, mown mesophilous meadows, mown and grazed 
mesophilous meadows and mown hygrophilous meadows and reeds. 
Because there is no available conservation status for spiders, the conservation values of spider assemblages were 
assessed by calculating an index allowing a comparative analysis between sampled assemblages and known 
assemblages of the reference region [18]. This index integrates both the proportion of rare species and the intensity 
of rarity within assemblages. Species are weighted on the basis of their range size, which is estimated by their 
occurrence in our Western France Spider Biodiversity Database. Data in the reference base comes from previous 
samplings and lists of species found in region scientific reports. This reference base is composed of 5 703 records of 
546 species found in 162 stations. The particularity of the index consists in calculating multiple indices for each 
assemblage over a range of rarity cut-off points (i.e., the threshold of occurrence below which species are considered 
rare). The method first consists in assigning a weight (wi) to each species of the database depending on both the 
occurrence of the species (Qi) and the chosen rarity cut-off point (Eq. 1): 
(1) 
, where n is a coefficient determining the rarity cut-off, and Qmax is the occurrence of the most widespread species in 
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The rarity cut-off point is the threshold of occurrence below which species are considered as being rare. Then, 
the index is calculated by summing the weights of the species found in the studied assemblage, divided by its 
species richness (Eq. 2). 
(2) 
The IC index is normalised between 0 (all species of the assemblage have the minimum weight (wi), i.e. ubiquist 
species) and 1 (all species of the assemblage have the maximum weight (wmax), i.e. very rare species). Therefore, 
rarity patterns of the sampled assemblages can be compared with rarity patterns of known assemblages of the same 
biotope type of the reference region. The conservation values of sampled assemblages can thus be assessed through 
the position of their indices in relation to the quartiles of the indices of known assemblages for the reference region. 
Carabid beetles were caught using the same pitfall-trapping design as for spiders. The distribution of carabid 
beetles among habitats was analysed with a factorial analysis, and composition and structure of species assemblages 
within habitats were subsequently compared with composition and structure of species assemblages of similar 
habitat types from the same reference area (here administrative limits of the region Brittany). Data of the reference 
base comes from a database compiling species previously sampled in the reference region. This comparative 
approach between carabid assemblages of the biotopes of Châteauneuf and assemblages of the reference region 
allowed an assessment of the habitat quality. The structure of carabid assemblages was evaluated by the species 
abundance curves [19] expressed by the number of individuals ordered in decreasing ranks. Data analyses were 
performed using R (R Development Core 2009) and Stat Box Pro 6.7. 
3. Results and discussion 
3.1. Birds spatial occupancy 
55 avian species bred in Châteauneuf marsh, where 41 passerine species were dominant. One species (Lanius
collurio) has a European conservation status, four species (Muscicapa striata, Sylvia communis, Pyrrhula pyrrhula,
Emberiza citrinella) have a national conservation status, and seven species (Falco subbuteo, Motacilla flava,
Locustella naevia, Acrocephalus scirpaceus, Acrocephalus schoenobaenus, Oriolus oriolus and again Lanius
collurio) have a regional status. These outcomes illustrate a relatively high conservation value for the Châteauneuf-
marsh bird community and show that all bird assemblages (forest and hedgerow, grassland and aquatic birds) 
contributed to increase the conservation value of the eco-complex. 
The co-inertia analysis, based on the 32 most frequent passerine species, underlined the great influence of three 
environmental variables: heterogeneity, moisture gradient and grazing. Indeed, although some variables were more 
influent, the highly significant correlation between environmental variables shows that the bird community 
distribution was conditioned by a combination of environmental factors and not by one alone. As shown by Monte-
Carlo simulations, the co-inertia analysis was highly significant (p=0.026). The first axis accounted for 57.70% of 
co-inertia and the second axis only 10.23%. When projected on the PCA1 axis, the position of most sampled sites, 
described by their habitat and environmental characteristics, was close to their faunal composition (Fig. 1A, B) and 
five main habitat types can be noticed (Fig. 1C): forest and hedgerows (striped and black circles) hosted the most 
abundant and diversified avifauna (42 species), grasslands and meadows (grey and white circles) hosted the less 
abundant and diversified avifauna (13 species). These results bring a new and particularly interesting approach to 
wetlands management: passerine biodiversity are not centered in wet and open sectors, but in all habitats and 
particularly in woodland and hedgerows (38/45 species), which represent the smaller surface area. Consequently, the 
ecological signature and originality of this marsh comes from the juxtaposition of mixed habitats such as woodland, 
hedgerows network and more or less wet grassland. The management project has to take into account this 
specificity.
The analysis of the ecological segregation between grassland species showed that the least intensely grazed and 
the more humid sites (group 1) hosted Motacilla flava, whereas the meadows managed in a more extensive way 
hosted other related species (Alauda arvensis, Emberiza schoeniclus, Cisticola juncidis). Acrocephalus 
minmax
min
1
ww
w
S
w
I
S
i i
C −
−
=
∑ =
99Boris Leroy et al. / Procedia Environmental Sciences 9 (2011) 96 – 103 . Leroy et al. / Procedia Environmental Sciences 00 (201 ) 000–00  
schoenobaenus, which is a patrimonial species, was found in the mixed meadows (group 3) and in wet forest 
environments, and was favoured by the presence of reeds. 
The diachronical approach (comparison of assemblages between 1999 and 2008) of 16 stations located in the 
marsh centre showed the evolution of the structure and the composition of the bird community: six species were not 
present anymore in 2008. Two disappeared species concerned for the one, a species tied to the bocage (Accipiter 
nisus) and, for the other, a species tied to farm buildings (Motacilla alba). The local disappearances of the other four 
species (Anthus pratensis, Saxicola rubetra, Phylloscopus trochilus, Carduelis cannabina) may likely reflect the 
general European decrease in bird numbers observed due to twenty years of agricultural modifications [20]. 
 On the other hand, the new species recorded in 2008 as Fulica atra, Motacilla flava, Cettia cetti, Cisticola 
juncidis and the increase in numbers of Acrocephalus schoenobanus and A. Scirpaceus illustrate the answer of the 
aquatic community to the new management plan, between these two periods, favouring the duration of flooding per 
year that increases in number Motacilla flava, and induced the decreasing of Alauda arvensis as observed in other 
marsh [21]. 
Fig. 1. Graphical interpretation of the co-inertia analysis: projection of environmental variables on the co-inertia plane (A), bird on the same 
plane (B) and of environmental and bird data (C). Positions of sites (C), according to the environmental variables, are shown by their labels; 
arrows indicate positions of the same sites according to the bird fauna. The length of the segments is related to the difference between to the two 
types of data for each site. Grey circles correspond to open, wet and slightly grazed sites, white circle correspond to pasture with channels, 
squared circles correspond to more intensively grazed sites, striped circles correspond to hedgerow sites and black circles correspond to 
woodland sites 
Abbreviations: Acrocephalus scirpaceus: As - Acrocephalus schoenobaenus: Acs - Aegithalos caudatus: Ac - Alauda arvensis: Aa - Certhia 
brachydactyla: Cb - Cettia cetti: Cc - Cisticola juncidis: Cj - Columba palumbus: Cp – Corvus corone: C - Dendrocopos major: Dm - Emberiza 
citrinella: Ec - Emberiza schoeniclus: Eo– Erithacus rubecula: Er - Fringilla coelebs: Fc – Garrulus glandarius: Gg - Motacilla flava: Mf - 
Oriolus oriolus: Oo – Parus major: Pm - Parus caeruleus: Pc - Phylloscopus collybita: Phc - Pica pica: Pp - Picus viridis: Pv - Prunella 
modularis: Pm - Streptopelia turtur: St – Sturnus vulgaris: Sv - Sylvia atricapilla: Sa - Sylvia borin: Sb - Sylvia communis: Sc- Troglodytes 
troglodytes: Tt - Turdus merula: Tm - Turdus philomelos: Tp - Turdus viscivorus: Tv. Hedges are classified in increased four classes according 
to ecological quality; Rush (Juncus effusus) vegetation are according to three increased classes of cover (Ju) 
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3.2. Conservation values of spider assemblages 
The IC values of each spider assemblage for the five sampled areas were much lower than the median value of all 
similar marshy areas of Western France, regardless of the rarity cut-off point (Fig. 2). This indicates that both the 
proportion of rare species and the intensity of rarity in assemblages for the different areas was low, which means 
that the marsh globally exhibits a low conservation value. The grazed sites had particularly low conservation values 
(IC lower than the first quartile) for the majority of the rarity cut-offs. Similarly, grazed areas exhibited extremely 
low species richness when compared to the similar marshy areas of western France. 
Fig. 2. Index (IC) values of the 5 sampled areas calculated at 13 rarity cut-offs (2-14%) and quartiles of the indices of all the known spider 
assemblages of marshy areas of the western France reference base (specific richness is indicated between brackets) 
Nevertheless, we could rank the five sites on the basis of the proportion of rarity cut-offs at which their indices 
were (i) above the median, (ii) above the first quartile and (iii) below the first quartile. This resulted in the ranking 
presented in Table 1. Although their conservation importance for Western France remained low, reeds and ungrazed 
sites were in higher ranks than grazed sites. This underlines the poor management of the marsh of Châteauneuf, 
especially for grazed areas. 
Table 1: Ranking according to the conservation values (IC index) of the reeds and the four types of meadows of the Chateauneuf Marsh when 
compared to the conservation values of all the other marshy areas of Western France (see text) 
Area Reeds
Mown 
mesophilous 
meadows
Mown 
hygrophilous 
meadows
Grazed and 
mown mesophilous 
meadows
Grazed 
hygrophilous 
meadows
Rank 1 2 2 4 5 
3.3. Composition of carabid beetle assemblages 
735 carabid beetles belonging to 41 species were caught. 23 species represented 93 % of the catches and 8 
species were represented by only a single individual. The factorial analysis selects groups of traps presenting similar 
environmental conditions (using the Spearman correlation coefficient) (Fig. 3). Axis 1 opposed stations from 
wooded environments to those in pastures. Axis 2 discriminated the hygrophilous areas flooded longer from meso 
hygrophilous areas. Despite the hygrophilous tendency of habitats, only four species are considered as hygrophilic 
species: Agostenus nigricornis, Carabus granulatus, Dromius longiceps and Dyschirius globosus. Other species are 
ubiquitous species with yet a very high sensitivity to flood duration (only Poecilus cupreus and Carabus granulatus
are staying in zones with buttercups and rushes flooded longer). Only 4 species were caught in wet grazed meadows 
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with rushes (17 species were listed for these habitats in the region) and, among them, Agonum obscurum is a 
dominant species in this habitat which is also found with a largest number of individuals in the reed beds. The genus 
Agonum, which generally occurs in marshlands, is poorly represented in the studied marsh; this underlines the 
negative effect of flood monitoring that may induce unfavourable conditions for the development of species during 
spring. 8 species were found in grazed meso-hygrophilous meadows (45 species are listed within the reference 
database for this habitat). Grazing has a negative impact on plant diversity and thus on plant feeders like Amara
species. 22 species were caught in reed beds in the studied area (to be compared with 47 species found in this habitat 
in the reference database). Reed beds contained most of the sampled species: Amara ovata, Calathus piceus and 
Dromius longiceps are only found in this habitat; Agonum nigrum, Agonum obscurum, Agostenus nigricornis,
Amara eurynota, Pterostichus anthracinum and Pterostichus madidus have preferences for reed beds. The 
assemblages of the site were far more unevenly distributed within the habitats than were the assemblages from the 
reference database (Figs. 4a, b), except for the low lands with reeds (Fig. 4c). In addition, the species richness of the 
marsh was low, and carabid assemblages are dominated by ubiquitous species (i.e. species of low conservation 
value). This might reflect the general negative impact of the current management methods on carabid assemblages. 
Fig. 3. F1xF2 plane of the factorial analysis between carabid beetle species (represented by at least 7 individuals) and habitats. Abbreviations for 
species: 1Ptcu: Pterostichus cupreus, 2Ptan: Pterostichus anthracinum, 3Cagr: Carabus granulatus, 4Agob: Agonum obscurum, 5Lopi: Loricera
pilicornis, 6Drlo: Dromius longiceps, 7Anbi: Anisodactylus binotatus, 8Ptma: Pterostichus madidus, 9Agni: Agonum nigrum, 10Ameu: Amara 
eurynota, 11Ptmi: Pterostichus minus, 12Amco: Amara communis, 13Ptgr: Pterostichus gracile, 14Agmo: Agonum moestum, 15Agni: Agostenus 
nigricornis, 16Haru: Harpalus rufipes, 17Nebr: Nebria brevicollis, 18Amae: Amara aenea, 19Dygl: Dyschirius globosus, 20Stpu: Stomis
pumicatus
Fig. 4. Comparative distribution of carabid beetles in the studied marh and in reference sites with similar ecological conditions: a. in 
mesohygrophilous grazed pastures, b. in hygrophilous grazed pastures and c. in lowlands with reeds 
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4. Conclusions 
Current management practices aimed exclusively at promoting Anatids and shorebirds, through the maintaining 
of a high level of water in winter and early spring. These practices appeared to be compatible with the preservation 
of passerine communities. The so-called “heritage bird species” (i.e. species reaching their distribution limits and/or 
rare species on a national scale), e.g. Oriolus oriolus, Lanius collurio and Acrocephalus palustris, are distributed 
across all the habitats of the marsh. Hence, the management efforts should not exclusively be concentrated on open 
areas but should take into account the management of the hedgerow network and of the surrounding woodlands. 
In contrast, the management practices have a strong negative effect on both carabid beetle and spider 
assemblages that both exhibited poor species richness in all areas investigated, and almost no rare species, especially 
in grazed wet meadows dominated by Juncus effusus. As a result, spider assemblages have lower conservation 
values than most spider assemblages of western France colonising such marshy habitats. This is due to the 
dominance of ubiquitous species which are able to re-colonize the marsh after flooding or between grazing periods 
[22]. Similarly, carabid beetles assemblages are very unbalanced when compared to the reference base. Therefore 
the uncontrolled management of both flood duration and grazing led to a general negative effect on the studied 
arthropod assemblages. However, both spider and carabid beetle assemblages had a higher species richness and 
conservation value in reeds. In order to improve the conservation value of the marsh, managers have to improve 
their pastoral management by: (i) promoting more extensive pasture throughout the year with a turnover between 
sensitive areas, which should limit the development of non-palatable grasses such as Juncus effusus and the 
subsequent homogenization of the vegetation cover, which leads to a great loss of arthropod biodiversity; (ii) 
promoting reed beds, which are suitable for the establishment of arthropod assemblages as well as aquatic 
passerines; (iii) controlling the flooding through a reduction of their annual duration; (iv) promoting the 
heterogeneity of the vegetation cover in non flooded areas to enhance arthropod biodiversity. However, it must be 
stressed that these indicator groups only give suitable information on terrestrial habitat conservation values. Such 
groups cannot indicate the conservation state of species strongly linked to aquatic biota as Odonata that could be in 
contrast favored by ponds. It is generally admitted that conservation planning based on a single surrogate taxa –
vertebrates for instance- may fail to cover other “at-risk” species [23]. This is illustrated by our two-scale approach 
(landscape and micro-habitat scales). The lack of inclusion of invertebrates in conservation planning or monitoring 
is mainly due to the limited availability and fragmented nature of data, thereby resulting in a lack of suitable tools 
for most groups. The approaches presented here represent flexible and practical methods to assess assemblage 
conservation values for taxa with status and threat levels unknown, but with occurrence data readily available. 
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